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ABSTRACT

C'ampvlobacter inoculation studies are limited without a suitable marker strain. The purpose of this study was to screen
Cainpylobacter strains (it 2,073) obtained from poultry carcass rinses through the Centers for Disease Control and Preven-
tion's National Antimicrobial Resistant Monitoring System for resistance to gentamicin and evaluate one strain's efficacy as a
marker. A C. co/i strain was found resistant to gentamicin at >32 p.g/ml. Gentamicin was incorporated into media (Campy-
Cefex agar, Bruce/la agar, and blood agar) from 0 to 1,000 .i.g/ml, and the upper level of gentamicin resistance was determined.
C. coil strain's upper level of growth on Campy-Cefex plates, blood agar plates, and Bruce/la agar plates was 400, 300, and
200 ig/ml, respectively. Ceca and postpick carcass rinses were obtained and streaked onto Campy-Cefex agar at the above
gentamicin levels to evaluate background microflora exclusion. Campy-Cefex agar containing gentamicin at 100 Jig/ml pre-
vented from the ceca, and reduced from the rinse, background microfiora. The C. coil strain was orally or intracloacally
inoculated into chicks. At 1, 3, and 6 weeks of age, inoculated broilers were removed and several tissue types sampled for
the presence of the marker strain. At 6 weeks of age, 10 additional noninoculated pennsates were sampled. The C. co/i strain
colonized chicks, disseminated to body tissues, colonized penmates, and persisted throughout the 6-week grow-out. The C.
co/i strain's unique characteristic, being resistant to high levels of gentamicin, allows for a marker that can be used in a wide
range of Catnpyiobacter research projects.

The Centers for Disease Control and Prevention esti-
mates that in the United States, human campylobacteriosis
accounts for more than 2.4 million cases of gastroenteritis
annually. and 80% of the cases are considered foodborne
(18, 32). The two major Campvlobacter spp. associated
with illness are C. jejuni and C. coii. Campvlobacter spp.
are commonly carried in the alimentary tract of poultry in
levels up to 10 to 10 CFU/g of luminal content and can
be isolated most frequently from the ceca of poultry (21).
The Cainpviobacter prevalence for broilers within a con-
taminated flock entering the processing plant can reach
100% (41). The average prevalence of infected broiler
flocks is typically 44 to 59% (24, 36). The number of con-
taminated broilers accounts for the high incidence of Cam-
pviobacter spp. in poultry processing plants and on pro-
cessed carcasses (2, 25). The average Campvlobacter spp.
prevalence on chicken carcasses and meat at retail is 57%,
with a range of 23 to 100% (24). The high colonization
prevalence in poultry and the resultant clinical infection of
humans have prompted investigations focused on identify-
ing and subsequently eliminating sources of Campviobacter
contamination within poultry flocks (8, 31).
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Developing and using suitable Camp vlobacter strains
in research projects as markers could allow for cocoloni-
zation studies to be conducted that are currently not feasible
or very difficult to conduct. Performing inoculation studies
with characterized strains of Campviobacter presently
available may require utilization of molecular techniques to
determine the similarity of the isolates obtained to the iso-
lates used for inoculation in the study. Marker or surrogate
organisms have been used extensively in research studies
(16, 23, 26). In particular, marker organisms with a unique
antibiotic resistance pattern have been very beneficial when
conducting controlled inoculation studies (3, 11). Antibiotic
resistance is the ability of a microorganism to withstand the
effects of an antibiotic and is either chromosomal or plas-
mid mediated. Chromosomal resistance usually evolves nat-
urally or by a stressor on a population. When antibiotic
resistant genes are generated, this information can then be
transferred horizontally between bacterial isolates by chro-
mosomal loci or plasmid exchange (2). This ability has
been used by numerous researchers in order to develop an-
tibiotic-resistant organisms through transformation proto-
cols.

Campvlobacter strains can exhibit resistance to a range
of antibiotics (33). A few of the more common classes of
antibiotics that Campv/obacter strains are tested against in-
clude aminoglycosides, macrolides, quinolones, and tetra-
cyclines (35). Campvlohacter strains are generally more re-
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sistant to tetracyclines, quinolones, and macrolides than
they are to aminoglycosides (1, 20, 22, 33). Gentamicin is
an aminoglycoside that is commonly used as an antibiotic
in food-animal productions and human medicine, and Cam-

/)vlobacter strains generally are susceptibility to gentamicin

(20, 22). A Campvlobacter strain highly resistant to gen-
tamicin could serve as a marker organism for controlled
research challenge studies. The objectives of this study
were (i) to screen Campriobacter strains obtained from
poultry carcass rinses for a unique gentamicin-resistant pat-
tern. (ii) to determine level of gentamicin resistance. (iii)
to determine whether gentamicin incorporated into media
could exclude background microliora, and (iv) to determine
whether the isolate could colonize and disseminate in broil-
ers, similar to other natural Campriobacter strains.

MATERIALS AND METHODS

Antibiotic resistance marker strain identification. The an-
tibiotic resistance patterns of 2,073 Campvlobacter isolates ob-
tained over 4 years (2002 to 2005) from processed poultry carcass
rinses as part of the Centers for Disease Control and Prevention.
National Antimicrobial Resistant Monitoring System (NARMS)
were evaluated for a unique antibiotic resistant pattern to genta-
micin. NARMS methods are described in detail elsewhere (9).

Gentamicin resistance level. In the NARMS system, resis-
tance up to 32 p.g/ml is the maximum tested: therefore, to deter-
mine the upper level of resistance of the strain to gentamicin, two
replications were performed in which gentamicin (Sigma. St. Lou-
is. MO) was incorporated into Campy-Cefex agar. Bruce/la agar,
and blood agar (Acumedia Manufacturers. Inc., Baltimore. MD)
at 0, 50, 100, 200, 300, 400. 600. 800. and 1.000 ig/ml. For both
repetitions, the C. colt isolate was streaked onto five agar plates
of each type of medium, which contained the varying levels of
gentamicin, and onto plates that did not contain the antibiotic. The
agar plates were incubated in a microaerobic atmosphere (5 01t 0,.
10% CO2. and 85% N) at 42°C for 48 h. The plates were then
evaluated for the presence of the marker C. (0/i strain.

Inhibition of natural Campylobacter and extraneous mi-
croflora on Campy-Cefex plates. To evaluate the ability of in-
corporating gentamicin into Campy-Cefex agar to inhibit natural
Campvlobacter and 5UCS5 extraneous microflora, commercial
broilers and rlefeathered broiler carcass rinsates were used. Six-
week-old broilers (n = 5) were acquired from a commercial fa-
cility, euthanized, and the ceca aseptically removed. The ceca
were placed in a sterile sampling hag on ice and transported back
to the laboratory. The ceca samples in bags were macerated with
a rubber mallet, and 3X 1% (wtivol) phosphate buffer added. The
ceca samples were then stomached for 30 s. Carcasses (ii = 5)
were obtained after deteathering from a commercial processing
plant. transported back to the laboratory, and carcass rinsate was
obtained (15). A 0.1-nil aliquot from ceca and rinse samples was
streaked onto Campy-Cefex agar plates. A 0.1 -ml aliquot was also
streaked onto Campy-Cefex agar plates containing 100. 200, 300,
400, 600. 800, and 1,000 .i.g/ml gentamicin. All plates were in-
cubated in it microaerobic atmosphere at 42°C for 48 h. After
incubation, plates were observed for presumptive Camprlobacrer
colonies. Suspect colonies were confirmed by microscopic obser-
vation of characteristic cellular morphology and motility in wet-
mount preparations, and further confirmed through latex aggluti-
nation (PANBIO, Inc., Columbia, MD).

Principles of the so-called ecometric technique were used to

measure background microflora (27, 34). The method involves
streaking aliquots from the carcass rinses into quadrants on the
plating media. The initial aliquot ((.1 ml) was streaked onto the
plating media and designated quadrant 1. Then, from that quad-
rant, a 0.1 -ml aliquot was streaked into another quadrant and des-
ignated quadrant 2. This was repeated for designated quadrants 3
and 4. When streaking from the first to the fourth quadrant, a
sterile loop was used between plating media quadrants. After in-
cubation, the growth of non -Campvlohacter colonies on Campy-
Celéx was expressed as the absolute growth index. Growth on all
four quadrants (I to 4) was nominated an absolute growth index
of 4: growth on quadrants I to 3 was an absolute growth index
of 3. and SO on. A larger quadrant number indicates a greater
breakthrough of microflora.

Colonization and dissemination potential in broilers. Da y
-of-hatch chicks were administered a 0.1-mi suspension of 5.2 log

of the marker C. co/i strain by oral gavage (n = 9) or intracloacal
inoculation (a = 9) and wing banded. The orally inoculated chicks
were placed in a pen (39.6 m 2 ) containing 41 penmatcs in one
experimental room, and the intracloacally inoculated chicks were
placed in an identical pen located in a separate room. All chicks
were placed on clean pine shavings and raised in an environmen-
tally controlled house. At I week of age, inoculated broilers (n =
3) from each room were removed, euthanized. and the thymus,
spleen, liver-gallbladder, unabsorbed yolk, bursa. and ceca asep-
tically removed and placed into individual sterile sampling bags.
The samples were placed on ice and transported back to the lab-
oratory. At 3 weeks of age, inoculated broilers (a = 3) from each
room were removed, and the above sites sampled except for the
bursa. At 6 weeks of age, the remaining inoculated broilers were
removed, and the above samples taken. In addition, at 6 weeks of
age, the ceca from noninoculated penmales (a = 10) were also
sampled. Stepped-on drag swabs (a = 2 per pen) were collected
weekly within each pen to evaluate environmental contamination
(5).

The thymus, spleen, liver-gallbladder. unabsorbed yolk. bur-
sa, and ceca samples were macerated with a rubber mallet and 3X
(wtivol) Bolton's enrichment broth (containing 5C/ lysed horse
blood cells) with supplements added. For the stepped-on drag
swabs. 100 ml of Bolton's enrichment broth (containing 5% lysed
horse blood) with supplements was added. The samples were
stomached for 30 s. and 0. 1-ml aliquots direct plated onto Campy-
Cefex plates containing 200 Vg/ml gentamicin. The agar plates
were incubated in a mieroacrobic atmosphere (5 17( 0. 10% CO2.
and 85% N) at 42°C for 48 h. The samples containing the enrich-
ment were incubated in a microaerobic atmosphere at 42°C for 48
h. After incubation, a 0.1-ml aliquot was plated, and the above
procedures for direct plating were followed. Presumptive colonies
were confirmed by microscopic observation of characteristic cel-
lular morphology and motility in wet-mount preparations and fur-
ther confirmed through latex agglutination (PANBIO. Inc.).

Statistical analysis. Overall incidence of Campv/obacter re-
sistant to gentamicin is expressed as the percentage of all strains
evaluated. Data on the level of gentamicin resistance of the one
Campvlobacter strain are expressed as either growth or no growth
on different agars incorporating gentanlicin. For extraneous mi-
croflora determination, the Tukey-Kramer multiple comparison
test was used and the P value was set at <0.05. For colonization
and dissemination, data are expressed as number of positive sam-
ples for the Cainpvlobacter strain of the total number of samples.

RESULTS AND DISCUSSION

A resistance to gentamicin >32 Vg/ml was observed
in 1 (0.0005 1/( ) of 2.073 Campvlohacter strains evaluated.
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TABLE 1. Antimicrobial resistance characteristics of the Cam-
pylobacter coli strain recovered from poultry carcass rinses in the
United States in 2003

Antimicrobial	 MIC (ig/in1)

Azithroniycin	 0.12
Ciprofloxacin	 0.06
Clindamycin	 0.25
Erythromyciri
Florfenicol
Gentamicin	 >32
Nalidixic acid	 8
Telithromycin
Tetracycline	 >64

The antibiotic resistance profile of the C. co/i strain is pro-
vided in Table I, and the pulsed-field gel electrophoresis
pattern is shown in Figure 1. The C. co/i strain was found
to be naturally resistant to 400 p.g/ml gentamicin, using
Campy-Cefex agar (Table 2). A Campvlohacter strain with
this level of resistance to gentamicin is extremely rare. An
internationally accepted criterion for the susceptibility test-
ing of Campylobacter is not established, and the resistance
breakpoint for gentamicin varies between studies (33). A
wide variation in breakpoints makes it difficult to evaluate
Campy/obacrer antimicrobial resistance (19). Regardless of
the ranges used for gentamicin resistance, generally at lev-
els >8 ig/ml, a very low percentage of Campv/ohacter
strains are resistant (20, 22, 33). However, a high level
(22%) of Campylobacter isolates resistant to gentamicin at
>10 pg/ml was reported in animals and foods in Spain
(39). In a survey from 1997 to 2001 in the United States,
I of 1,336 Campvlobacter isolates evaluated were genta-
micin resistant and the strain was C. co/i (22). A 2003
survey of 378 Campylobacter isolates from retail raw meats
found no gentamicin-resistant strains (20). 'ampviobacter
isolates from 342 broiler flocks were evaluated, and all iso-
lates were susceptible to gentamicin (43). Four hundred for-
ty-eight C'ampvlobacter isolates were evaluated from feed-
lot cattle, and only a single C. jejuni was resistant to gen-
tamicin (17).

The C. co/i marker's ability to maintain this high level
of gentamicin resistance is still unknown. However, the
strain's resistance to gentamicin appears to be stable. The
culture was first recovered in 2003. Since then, the culture
has been stored at —80°C and has been removed from the
ultralow-temperature freezer (more than 10 times) and

Li	 fli'
FIGURE 1. Pulsed-field gel electrophoresis banding pattern(if
the gentamicin-resistant Campylobacter coli b y using Smal.

transferred onto plating media numerous times over the past
year for research purposes, without losing resistance to gen-
tamicin. The strain has been used by other researchers in
the United States in processing studies and maintains a high
level of gentamicin resistance. The mechanism for resis-
tance in this particular strain needs to be determined. Cam-
pylohacter spp. contain genetic mechanisms for natural
transformation and conjugation (I). This indicates that
transfer between strains can occur. An increase in Cant-
pv/ohacter spp. MIC for gentamicin has been shown by
using an efflux pump inhibitor (29). However, gentamicin
resistance appears to be more often driven by production
of the aminoglycoside-modifying enzymes, and once mod-
ification occurs, this trait seems to he stable (28, 39, 42).
If this trait is on the plasmid or transposon of the marker
C. co/i strain, then transfer to other Campvlobacrer may
occur. However, this transfer has not been observed in a C.
jejuni strain used in coinoculation studies with the marker
C. co/i strain (unpublished data).

Gentamicin is an antibiotic in the aminoglycoside
group and is active against many gram-negative organisms
and some gram-positive organisms (42). Gentamicin is bac-
tericidal by targeting accessible regions of polyanionic lôS
rRNA on the 30S ribosome (7, 42). The antibiotic is heat
stable and can remain active after autoclaving, which has
advantages when preparing media. Incorporating gentami-
cin into the Campy-Cefex medium was significantly (P =
0.01) beneficial in controlling breakthrough of extraneous
microflora from ceca samples, compared with regular
Campy-Cefex medium. From ceca samples. the number of
quadrants containing background microflora averaged 2.6
on regular Campy-Cefex plates, and background microflora
was not present on any of the quadrants on Campy-Cefex
plates with gentamicin incorporated from 100 to 1,000 jig!
ml. From rinse samples, the number of quadrants contain-
ing microflora averaged 2.2 on regular Campy-Cefex, and
1.2, 1.1, 1.3, and 0.4 on Campy-Cefex plates with genta-
miein incorporated at 100, 200, 300, and 400 jig/ml. re-
spectively. No background microflora was observed at lev-
els >400 jig/ml. A significant (P < 0.001) difference he-

TABLE 2. Ability of a marker Campylobacter coli to grow on Campy-Cefex agar, Brucella cigar, and blood agar plates with varying
levels of gentalnicin°

Gentamicin level (g/ml):

Agar	 0	 50	 100	 200	 300	 400	 600	 800	 1.000

Campy-Cefex	 G (10/10) G (10/10) G (10/10) G(10/10) 	 G (10/10) 0 (10/10) NG (0/10) NG (0/10) NG (0/10)
Brucella	 G (10/10)	 G (10/10) G (10/10) G (10/10) NO (0/10) NG (0/10) NG (0/10) NO (0/10) NO (0/10)
Blood	 0 (10/10)	 G (10/10)	 0 (10/10)	 0 (10/10)	 0 (10/10) NG (0/10) NO (0/10) NO (0/10) NO (0/10)

0, growth of C. co/i strain on plates: N, no growth of C. co/i strain on plates. Number of plates positive for C. co/i/number of plates
streaked are presented in parentheses.
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TABLE 3. Evaluation ofthe Campylobacter coil strain colonization and dissemination abilit y in broilers after oral or intracloacal

inoculation of day-ot-age birds'

Sample site:

Liver-gallbladder	 Unabsorbed yolk sac 	 Bursa
Week

sampled

3
6
6 (PM)

IC	 OR	 IC	 OR

0/3	 0/3	 0/3	 3/3
0/3	 0/3	 0/3	 NS
1/2	 0/3	 1/2	 NS

NS	 NS	 NS	 NS

Thymus

OR	 IC

0/3	 0/3
0/3	 0/3
0/3	 1/2
NS	 NS

Spleen

OR	 IC
	

OR

0/3	 0/3	 0/3
0/3	 0/3	 0/3
0/3	 1/2	 1/3
NS	 NS	 NS

Ceca

IC	 OR	 IC

3/3
	

3/3	 3/3
NS
	

0/3	 0/3
NS
	

3/3	 1/2
NS
	

10/10	 8/10

"Values are number of plates positive/number sampled. OR, oral gavage route of inoculation; IC, intracloacal route of inoculation: NS.
not sampled; PM, penmates of inoculated birds.

tween Campy-Cefex and Campy-Cefex with gentamicin
was observed when incorporating levels of gentamicin into
the media from 400 to 1,000 p,-/ml. All ceca and carcass
rinse samples contained natural Cam pvlobacrer. but they

did not grow on Campy-Cefex plates in which gentamicin
was incorporated.

The C. coli gentamicin-resistant isolate was iund to
colonize chicks by either route of inoculation, disseminate
to body tissues, result in the colonization of noninoculated
penniates, and persist throughout a 6-week broiler grow-out

(Table 3). The C. co/i strain was recovered from the litter

in each pen weekly throughout the grow-out by using
stepped-on drag swabs. Interestingly, at 3 weeks' postin-

oculation, the C. co/i strain was not recovered from birds
that had been inoculated, but was recovered from inoculat-
ed birds at I and 6 weeks' postinoculation. The absence of
colonization in inoculated birds over time has been ob-
served in other studies (38). The reason for the lack of
colonization in these six birds is not fully understood, since
the marker was recovered from the litter at each weekly
sampling. If this was due to the colonization factor of the
marker strain, then this should have also been observed at
other sampling intervals; therefore, the findings could be
related to experimental variation. Presence of maternal an-
tibodies may have limited colonization in these birds (40).
The microbial diversity of the intestinal bacterial commu-
nity of the maturing broilers could have also contributed to
nonco]onization (30).

Inoculated C. jejuni has been shown to disseminate to
internal tissues and organs, regardless of inoculation route
for at least 1 week postinoculation (JO). In the present
study, the C. coli strain disseminated to internal tissues and
organs of inoculated birds at I and 6 week(s) postinocula-
tion. Campv/ohacter spp. are recovered from tissues and
organs throughout the bird's body in commercial settings
(10, 12, 13). C. jejuni and C. co/i are present in the spleen,

liver-gallbladder, and unabsorbed yolks of commercial
broilers at market age (12, 13). Continual dissemination and

presence in these sites on a weekly basis throughout a
grow-out is unknown.

In order for adequate development of intervention and

reduction in Cwnpvlobacter spp. colonization rate of broiler
flocks, an improved understanding of the ecology of Cain-
pylobacter spp. in poultry is needed. The source of broiler
flock infections, modes of transmission, and environmental

factors that contribute to the spread of Canipv/obacter spp.
on poultry farms are beginning to be determined (4, 6, 15).

This strain allows inoculation studies to he conducted with
commercial birds, processed carcasses, or in other settings
where natural Cwnpv/ohacter spp. are present. In a separate

efficacy study, the C. co/i strain was an effective marker
organism when studying the effects of chlorine or chlorine
dioxide during immersion chilling of commercial broilers

on Campv/obacter (37). In the current study, resistance to
gentamicin at 400 p.g/inl allowed for evaluation of the C.

coli strain as a potential Campv/ohacrer marker organism.

The C. co/i strain was efficacious in inoculation studies
within broilers and could be used for numerous future in-
oculation or poultry research studies particularly involving
cocol oni zati on.

ACKNOWLEDGMENTS

The authors acknowledge Jeromey Jackson. Dianna Bourassa. and
Jodie Plumblee for their technical assistance.

REFERENCES

I. Alfredson. D. A., and V. Korolik. 2007. Antibiotic resistance and
resistance mechanisms in Campv/ohacier jejuni and Campvlobacter
call. FEMS Mierohiol. Len. 277:123-132.

2. Allen. A. V., S. A. Bull. J. E. L. Corry, C. Dorningue, F Jorgensen,
J. A. Frost, R. Whyte, A. Gonzale,., N. Elviss. and T. J. Humphrey.
2007. Canipvlohocfer spp. contamination of chicken carcasses during
processing in relation to flock colonization. lot. J. Food Microbial.

113:45 61.
3. Bailey, J. S., N. A. Cox, D. E. Cosby. and L. J. Richardson, 2005.

Movement and persistence of Salmonella in broiler chickens follow-
ing oral or intracloacal inoculation. J. Food Prof. 68:2698-2701.

4. Buhr, R. J., N. A. Cox. N. J. Stern. M. T. Musgrove, J. L. Wilson.
and K. L. Hiett. 2002. Recovery of Campv/ohacter from segments
of the reproductive tract of broiler breeder hens. Ai'ian DLs. 46:919-
924.

5. Buhr. R. J., L. J. Richardson, J. A. Cason. N. A. Cox. and B. D.
Fairchild, 2007. Comparison of four sampling methods for the de-
tection of Salmonella in broiler litter. Poidt. Sci. 86:21-25.

6. Carmarda. A.. D. C. Newell, R. Nasti, and G. Di Modugnoa. 2000.

Genotyping Carnpvlo1aeter je/uni strains isolated from the gut and
oviduct of laying hens. Arian Dii. 44:907-912.

7. Carter, A. P., W. M. Clemons, D. E. Brodersen, R. J. Morgan-Warren,
B. T. Wimberly. and V. Ramakrishnan. 2000. Functional insights
from the structure of the 30S ribosomal subunit and its interaction
with antibiotics. Nature 407:340 348.

8. Centers for Disease Contiol and Prevention. 2003. Preliminary
FoodNet data on the incidence of foodhorne illness-selected sites.
United States. Mort). Mortal. Wk-1Y. Rep. 52:340-343.

9. Centers for Disease Control and Prevention. National Antimicrobial



1292	 c'ox FT AL.	 J. Food Prot., Vol. 72, No. 6

Resistance Monitoring Ssteni. 2001 Annual report. i\vailahlc at:
littp://www.cdc.gov/iikii-iii ,,/aiinau1/2001/aniival-01.htm1 . Accessed 19
July 2008.

10. Cox, N. A., C. L. Hofacre. J. S. Bailey, R. J. Buhr, J. L. Wilson, D.
E. Cosby, M. T. Musgrove, L. J. Richardson, J. D. Tankson, Y. L.
Vizzier, P F. Cray, K. L. Hiett, L. E. Vaughn, P. S. Holt, and D. V.
Bourassa. 2005. Presence of Carnpvlohacterjejuni in various organs
one hour. one day, and one week following oral or intracloacal in-
oculations of broiler chicks. Asian Div. 49:155-158.

H. Cox, N. A., L. J. Richardson, R. J. Buhr, M. T. Musgrove. M. E.
Berrang. and W. Bright. 2007. Bactericidal effect of several chemi-
cals on hatching eggs inoculated with Salmonella serovar Typhi-
murium. J. App!. Poult. Res. 16:623-627.

12. Cox, N. A., L. J. Richardson, R. J. Buhr, J. K. Northcutt, J. S. Bailey.
and P. J. Fedorka-Cray. 2007. Recovery of Carnprlobacter and Sal-
monella serovars from the spleen, liver/gallbladder, and ceca of six
and eight week old commercial broilers. J. Appl. Pooh. Rev. 16:477-
480.

13. Cox, N. A., L. J. Richardson. R. J. Buhr, J. K. Northcutt, P. J. Fe-
dorka-Cray, J. S. Bailey, B. D. Fairchild, and J. M. Mauldin. 2006.
Natural occurrence of Gamp ylohacter spp.. Salmonella serovars, and
other bacteria in unabsorbed yolks of market-age commercial broil-
ers. J. AppI. Poult. Res. 15:551-557.

14. Cox, N. A., N. J. Stern, K. L. Hiett. and M. E. Berrang. 2002.
Identification of a new source of Campvlobac!er contamination in
poultry: transmission from breeder hens to broiler chickens. Avian
Dis. 46:535-541.

15. Cox. N. A., J. E. Thomson. and J. S. Bailey. 1983. Procedure for
isolation and identification of Saltnonella from poultry carcasses. p.
1-10. in Agricultural handbook no. 603. U.S. Department of Agri-
culture. Agricultural Research Service. Washington, DC.

16. Daly, D. J.. D. M. Prendergast, J. J. Sheridan, I. S. Blair. and D. A.
McDowell. 2002. Use of a marker organism to model the spread of
central nervous system tissue in cattle and the abattoir environment
during commercial stunning and carcass dressing. App!. Environ. Mi-
crobial. 68:791-798.

17. Englen, M. D., P J. Fedorka-Cray, S. R. Ladely. and D. A. Dargati..
2005. Antimicrobial resistant patterns of Campvlobacter from feed-
lot cattle. J. App!. Microbial. 99:285-291.

18. Friedman, C. R.. J. Neimann, H. C. Wegener. and R. V. Tauxe. 2000.
Epidemiology of C. jejuni infections in the United States and other
industrialized nations. p. 121-138. in I. Nachamkin. and M. J. Blaser
(ed . ), Camp'i'lobacter, 2nd ed. ASM Press, Washington, DC.

19. Ge, H., S. Bodies, R. Walker, D. White, S. Zhao, P McDermott. and
J. Meng. 2002. Comparison of E-test and agar dilution for in vitro
antimicrobial susceptibility testing of Campylobacrer. J. Antimicrob.
Cljemother. 50:487-494.

20. Ge, B., D. G. White, P. F McDerniont. W. Girard, S. Zhao, S. Hubert,
and J. Meng. 2003. Antimicrobial-resistant Campviobacrer species
from retail raw meats. App!. Environ. Microbiol. 69:3005-3007.

21. Grant, I. H., N. J. Richardson, and V. D. Bokkenheuser. 1980. Broiler
chickens as potential source of Gampvlohacter infections in humans.
J. COn. Microbiol. 11:508-510.

22. Gupta, A., J. M. Nelson, T. J. Barrett, R. V. Tauxe, S. P. Rossiter, C.
R. Friedman, K. W. Joyce. K. E. Smith, T. F. Jones, M. A. Hawkins,
B. Shiferaw, J. L. Beebe, D. J. Vugia, T. Rahatsky-Ehr. J. A. Benson,
1'. P. Root, and F. J. Angulo. for the NARMS Working Group. 2004.
Antimicrobial resistance among Camnpvlobacter strains. United
States, 1997-2001. Emerg. Infect. Div. 10:1102-1109.

23. Hudson, W. R., M. H. Hinton, and G. C. Mead. 1998. Assessing
abattoir hygiene with a marker organism. Vet. Rec. 20:545-547.

24. Humphrey, T. J., S. O'Brien, and M. Madsen. 2007. Campylobacters
as zoonotic pathogens: a food production perspective. mt. J. Food
Microbial. 117:237-257.

25	 Jacobs-Reitsiii:i. W F 2000. (ampv/obvictc, in the toad suppl y . p.

467-451. In I. Nachuinklit and M. 	 HIsser (ed.). CnniirIoliiictvr,
2nd ed. ASM Press, Washington, DC.

26. Karsi, A., K. Howe, T. B. Kirkpatrick, R. Wills, R. H. Bailey. and
M. L. Lawrence. 2008. Development of bioluminescent Salmonella
strains for use in food safety. BMC Microbial. 8:10-19.

27. Kornacki, J. L., J. B. Gurtler, Z. Yan, and C. M. Cooper. 2003.
Evaluation of several modifications of an ecometric technique for
assessment of media performance. J. Food Prot. 66:1727-1732,

28. Lee, M. D., S. Sanchez, M. Zimmer, U. Idris, M. E. Berran g, and P
F McDermott. 2002. Class I integron-associated tobramycin-gen-
tamicin resistance in Ca,npvlobacterjejuni isolated from the broiler
chicken house environment. Anumicrob. Agents Clie,nother. 46:
3660-3664.

29. Lin, J., L. 0. Michel. and Q . Zhang. 2002. CmeABC functions as a
inultidrug efflux system in Camnpvlobacterjejuni. Anthnicrob. Agents
Chemotlier. 46:2124-2131.

30. Lu, J., U. Idris. B. Harmon, C. Hofacre, J. J. Maurer, and M. D. Lee.
2003. Diversity and succession of the intestinal bacterial community
of the maturing broiler chicken. Appl. Environ. Microbial. 69:6816-
6824.

31. Mallinson, E. T., S. W. Joseph, C. L. F. Derezende, N. L. Tablante.
and L. E. Carr. 2001. Salmonella control and quality assurance at
the farm end of the food safety continuum. Am..!. Vet. Med. 218:
1919-1922.

32. Mcad, P. S., L. Slutsker. V. Dietz, L. F. McCaig. J. S.  Bresee. C.
Shapiro, P M. Griffin. and R. V. Tauxc. 1999. Food-related illness
and death in the United States. Emerg. infect. Div. 5:607-625.

33. Moore, J. F.., M. D. Barton. 1. S. Blair. D. Corcoran. J. S. G. Dooley,
S. Fanning, I. Kempf. A. J. Lastovica, C. J. Lowery, M. Matsuda,
D. A. McDowell, A. McMahon, B. C. Millar, J. R. Rao, P. J. Rooney.
B. S. Seal, W. J. Snelling, and 0. Tolba. 2006. The epidemiology of
antibiotic resistance in Campvlobacu'r. Microl, infect. 8:1955-1966.

34. Mossel. D. A. A.. F van Rossem, M. Koopmans, M. Hendriks, M.
Verouden, and I. Eelderink. 1980. Quality control of solid culture
media: a comparison of the classic and the so-called ecometric tech-
nique. J. App!. Bacteriol. 49:439-454.

35. National Committee for Clinical Laboratory Standards. 2001. Per-
formance standards for antimicrobial disk and dilution susceptibility
tests for bacteria isolated from animals. Approved standard M3 I-A.
National Committee for Clinical Laboratory Standards, Wayne, PA.

36. Nauta, M. J., and A. H. Havelaar. 2008. Risk-based standards for
(.'atnpvlobacter in the broiler meat chain. Food Control 19:372-381.

37. Northcutt. J. K.. D. P Smith. N. A. Cox, K. D. Ingram, R. J. Bohr.
L. J. Richardson. J. A. Cason, and A. Hinton. 2008. Effects of chlo-
rine dioxide during immersion chilling on recovery of bacteria from
broiler carcasses and chiller water. Poult. Sci. 87:40.

38. Ringoir, D. D., D. Szylo. and V. Korolik. 2007. Comparison of 2-
day-old and 14-day-old chicken colonization models for Campy/a-
1,acter jejuni. FEMS i,n,nunol. Med. Micro/viol. 49:155-158.

39. Saenz, Y., M. Zarazaga, M. Lantern. M. J. Gastanare. F Baqucro.
and C. Torres. 2000. Antibiotic resistance in Gampvlohacrer strains
isolated from animals, foods, and humans in Spain in 1997-1998.
A,itimicrob. Agents Clietnother. 44:267-27 I.

40. Sahin, 0., N. Luo, S. Huang. and Q . Zhnag. 2003. Effet of Ca,ic
pvlobacrer-specific maternal antibodies on Cavnpvlobacterjejioii col-
onization in young chickens. Appl. Environ. Microhiol. 69:5372-
5379.

41. Sabin. 0.. T. Morishita. and Q . Zhang. 2002. Campvlohacrer colo-
nization in poultry: sources of infection and modes of transmission.
Anini. Health Rev. Rev. 3:95-105.

42. Shakil. S.. R. Khan, R. Zarrilli. and A. U. Khan. 2008. Aminogly-
cosides versus bacteria-a description of the action, resistance mech-
anism, and nosocomial battleground. J. Blamed. Sd. 15:5-14.

43. Thorsteinsdottir, T. R., K. G. Kristinsson, V. Fridriksdoltir, and F.
Gunnarsson. 2008. Antimicrobial resistance of Campvlohacter spp.
isolated from broiler flock.s in Iceland, 2001-2005. Microb. Din
Rio/vt. 14:40-53.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

